34 Members of the class Mamiellophyceae comprise species that can dominate 35 picophytoplankton diversity in polar waters. Yet polar species are often morphologically 36 indistinguishable from temperate species, although clearly separated by molecular features. Here 37 we examine four Mamiellophyceae strains from the Canadian Arctic. The 18S rRNA and 38 Internal Transcribed Spacer 2 (ITS2) gene phylogeny place these strains within the family 39 Mamiellaceae (Mamiellales, Mamiellophyceae) in two separate clades of the genus Mantoniella. 40 ITS2 synapomorphies support their placement as two new species, Mantoniella beaufortii and 41 Mantoniella baffinensis. Both species have round green cells with diameter between 3-5 µm, one 42 long flagellum and a short reduced flagellum (~1 µm) and are covered by spiderweb-like scales, 43 making both species similar to other Mantoniella species. Morphologically, M. beaufortii and 44 M. baffinensis are most similar to the cosmopolitan M. squamata with only minor differences in 45 scale structure distinguishing them. Screening of global marine metabarcoding datasets indicates 46 M. beaufortii has only been recorded in seawater and sea ice samples from the Arctic while no 47 environmental barcode matches M. baffinensis. Like other Mamiellophyceae genera that have 48 distinct polar and temperate species, the polar distribution of these new species suggests they are 49 cold or ice-adapted Mantoniella species. 50
containing the Internal Transcribed Spacers (ITS) 1 and 2, as well as the 5.8S rRNA gene were 129 obtained by PCR amplification using universal primers ( Supplementary Table 1 ). 130 PCR products were directly sequenced at the Macrogen Company (Korea) and sequences 131 have been deposited to Genbank under accession numbers MH516003, MH516002 and 132
MH542162. 133
Phylogenetic analyses 134 Nuclear 18S rRNA sequences belonging to members of Mamiellophyceae were retrieved 135 from GenBank (http://www.ncbi.nlm.nih.gov/). Two environmental sequences (similar to strain 136 sequences) were included in addition to the sequences obtained from the cultures. Sequences 137 were also obtained for the ITS2 region located between the 5S and 23S rRNA genes. However, 138 no environmental sequences were available to be included in the 18S/ITS phylogenetic analyses. 139 INS-i algorithms respectively (Katoh and Toh 2008). For each sequence within the ITS2 141 alignment, the preliminary secondary structure annotated in dot-bracket format was associated, 142 generating a Vienna file, which was imported to 4SALE (Seibel et al. 2008 ). The final alignment 143 was edited on the basis of conserved secondary structures. The nuclear 18S rRNA and ITS2 144 sequences from the Mamiellaceae members were concatenated using Geneious 10.2.5 (Kearse et 145 al. 2012) . 146
Phylogenetic reconstructions with two different methods, maximum likelihood (ML) and 147 Bayesian analyses, were performed using the nuclear Mamiellophyceae 18S rRNA and 148
Mamiellaceae concatenated 18S/ITS2 alignments. The K2 + G + I model was selected for both 149 sequence datasets based on the substitution model selected through the Akaike information 150 criterion (AIC) and the Bayesian information criterion (BIC) options implemented in MEGA 151 6.06 (Tamura et al. 2013 ). ML analysis was performed using PhyML 3.0 (Guindon et al. 2010) 152 with SPR (Subtree Pruning and Regrafting) tree topology search operations and approximate 153 likelihood ratio test with Shimodaira-Hasegawa-like procedure. Markov chain Monte Carlo 154 iterations were conducted for 1,000,000 generations sampling every 100 generations with 155 burning length 100,000 using MrBayes 3.2.2 (Ronquist and Huelsenbeck 2003) as implemented 156 in Geneious (Kearse et al. 2012 ). Nodes were considered as well supported when SH-like 157 support values and Bayesian posterior probabilities were higher than 0.8 and 0.95 respectively. 158
The same criteria were used to represent the sequences on the phylogenetic trees. Alignments are 159 available at https://doi.org/10.6084/m9.figshare.7472153.v1. 160 9 ITS2 secondary structure 161 ITS2 secondary structure from the strains listed in Table 1 were predicted using the Mfold 162 web interface (Zuker 2003) Supplementary Table 2 for the full details and references 179 for each project). We screened these data as well as GenBank by BLASTn (98% identity cut-off) 180 using RCC2288 18S rRNA gene sequence as the search query. We aligned the retrieved 181 environmental sequences and metabarcodes with that of RCC2285, RCC2288, RCC2497, and 182 RCC5418 using MAFFT as implemented in Geneious version 10.0.7 (Kearse et al. 2012 ). This 183 allowed the determination of sequence signatures diagnostic of this species for both V4 and V9 184 ( Supplementary Figures 1 and 2 
Pigment analysis
210 Pigments were extracted from RCC2288 cells in late exponential phase as previously 211 described (Ras et al. 2008 ). Briefly, cells were collected on 0.7 µm particle retention size filters 212 (GF/F Whatman), pigments extracted for 2 hours in 100% methanol, then subjected to ultrasonic 213 disruption and clarified by filtration through 0.2 µm pore-size filters (PTFE). Pigments were 214 detected using high performance liquid chromatography (HPLC, Agilent Technologies 1200) 215 over the 24 h after the extraction. 216 Etymology: Named for its geographical provenance. 259
Results and Discussion

Phylogeny and ITS signatures 260
The phylogenetic tree based on nearly full-length nuclear 18S rRNA sequences obtained from 261 the novel polar strains RCC2288, RCC2285, RCC2497 and RCC5418 (Table 1) The average distance between strains RCC2485, RCC2288 and RCC2497 is low (0.5% of 281 segregating sites over the near full-length 18S rRNA gene), suggesting that these strains 282 correspond to a single species that we name Mantoniella beaufortii (see taxonomy section). In 283 contrast, the well-supported placement of strain RCC5418 on an earlier diverging branch within 284 the Mantoniella clade, as well as the 1% average distance between RCC5418 and the other 285 strains, suggests it represents another species, named here Mantoniella baffinensis. The new strains are in the size range (Table 2) Table 3 ). 370
Comparison of the spiderweb scales between Mantoniella species (Table 3) Two unknown carotenoids were detected in RC2288, the first one having adsorption peaks at 410 412, 436 and 464 nm, and the second one at 452 nm ( Supplementary Table 5 ). These were 411 relatively minor components comprising 2.7% and 1.5% of total carotenoids, respectively and 412 may represent carotenoids unique to M. beaufortii. 413
Environmental distribution 414
In order to obtain information on the distribution of these two new species, we searched by 415 BLAST both environmental GenBank sequences and published 18S V4 and V9 metabarcodes 416 data sets ( Supplementary Table 2 ). This allowed the retrieval of a few 18S rRNA sequences with 417 higher than 98% similarity to the gene of RCC2288. Alignment of these sequences with other 418
Mamiellophyceae sequences revealed diagnostic positions in both the V4 and V9 hypervariable 419 regions permitting M. beaufortii and M. baffinensis to be distinguished from other 420 Mamiellophyceae, especially other Mamiella and Mantoniella species ( Supplementary Figures 1  421 and 2). Signatures from the V4 region were clearer than from V9 due to the fact that for some of 422 the strains, the sequences did not extend to the end of the V9 region ( Supplementary Figure 2) . 423
In the V4 region, three signatures were observed, one common to both species (A in 424 between M. beaufortii and baffinensis. (Figure 7) . No metabarcode corresponding to these two new species were 436 found in waters from either the Southern Ocean or off Antarctica (Figure 7 and Supplementary 437 Table 2 ). No metabarcodes from the V9 region corresponding to the two new species were 438 found in the Tara Oceans data set that covered mostly temperate and subtropical oceanic regions 439 (de Vargas et al. 2015) . These data suggest that these species are restricted to polar Arctic 440 regions (although we cannot exclude that they may be found in the future in the Antarctic which 441 has been under-sampled until now) and are probably associated to sea ice although they can be 442 present in the sea water, and that M. beaufortii is more wide spread than M. baffinensis. 443 
